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11.
Il- 1.
$T$ k( )
$[9]_{\text{ }}$
$k(T)=Q_{R}^{-1} \int_{0}^{\infty}dtc(t)f$ (1)
QR $c_{f}(t)\text{ }$
1032 1998 74-85 74
$[9]_{0}$
$C_{f}(t)=\tau\gamma[F\exp(itH/\hslash)F\exp(-it^{c}H/\hslash)]c*$ (2)
$=( \frac{\hslash}{2m})^{2}(\frac{\partial^{2}}{\mathrm{a}_{f}\mathrm{a}_{i}}1<x$ I$\exp(-it^{c}H/\hslash)|_{x_{i}}>1^{2}\triangleleft_{\frac{\partial}{\mathrm{a}_{i}}[}<_{X}ff$ I $\exp(-irHC/\hslash)[\chi_{i}>[^{2)}$ (3)
$t^{C}=t-i \frac{\hslash\sqrt}{2}=t+r^{I}R$ (4)
$[10]_{\circ}$ $\hslash$ $(=h/2\pi),$ $k_{B}$ $\beta=.1/k_{B}T$
F
$F= \frac{1}{2}[\delta(_{X})\frac{p}{m}+\frac{p}{m}\delta(x)]$ (5)
(3)
$<x_{f}t|_{X_{i}}C0>=<_{X_{f}}\mathrm{I}\mathrm{e}\mathrm{X}\mathrm{p}(-if^{C}H/\hslash)|X>i$ (6)
(1)
$||-2$ .
||- 2- 1.
$\Psi(x,t)$ $K$ ($x_{ff}t$ ; Xr )
$\Psi(x_{f},t_{f})=\int K(_{X_{f}}t_{f};x_{i}ti)\Psi(x_{i},t_{i})dXi$ (7)
[11-13]. $K(x_{ff}t$ ; x,ti\sim $t_{i}$ x, $t_{f}$
$x_{f}$
$P(x_{f}t_{f} ;x_{i}r_{i})=|K(Xt;ffitx)i|2$ (8)
$\text{ }t_{f}\text{ }$ $x_{f}\text{ }$ $K(xt;ffXt)ii\text{ }$
$K(x_{f}t_{f} ;Xt_{i})i<_{-}^{-}x_{f}r_{f}$ I $x_{i}t_{i}>$ (9)
$t_{i}(=t_{0})\text{ }t_{fn}(=t+l)\text{ }(ml)\text{ }\Delta t(=(t_{f}+t_{i})\chi_{(n}+l))\text{ }$
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$<x_{f}t_{f}$ I $x_{i}r_{i}>= \int\cdots\int d\kappa_{1}d\chi 2\ldots dXn<x_{f}t_{f}|\chi_{n}t_{n}><x_{n}t_{n}1_{X_{\hslash-}}f_{n}1-1>\cdots<x_{1}t_{1}$ I $x_{ii}t>$ (10)
” ”
$<X_{j}t_{jj1}|\chi-t_{j-}>\text{ }1- \text{ }$
( )$<X_{f}t_{f}1X_{i}t_{i}>=n arrow\lim_{\infty}(\frac{m}{ih\Delta t})^{()/}n+12nx_{j}\int\prod 1d\exp\{\frac{i\Delta t}{\hslash}\sum^{\hslash}0[\frac{m}{2}(\frac{X_{j+1^{-}}Xj}{\Delta t})-V]\}$
$<x_{f}r_{f}|x_{i}t_{i}> \equiv N\int D_{X\mathrm{e}}\mathrm{x}\mathrm{p}[\frac{i}{\hslash}S]$ (12)
$S$
$S \equiv\int dtL$ (13)
L
Il- 2- 2. ( )
$t$ -it
( ) ( )
$[11\cdot 13]_{\mathrm{Q}}$
$<x_{f}t_{f}|X_{i}t_{i}> \equiv N\int DX\exp[-\frac{1}{\hslash}SE]$ (14)
$L_{E}$ $S_{E}$
$S_{E} \equiv\int dtL_{E}$ (15)
–
[131
[$4,6\mathrm{a}1_{\text{ }}$
$t$ <’’ $\tau$ ( ) ” $\tau$
$\frac{\ (t,T)}{\partial\tau}=-[\frac{\delta S_{E}}{\delta_{X}}]X=X(i,\tau)\eta+(t,T)$ (16)
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$\eta(t,T)$
$<\cdots>_{\eta}$
$<\eta(r,\tau)>_{\eta}=0$ (17)
$<\eta(t,\tau)\eta(t,\tau^{1})>=2\hslash\eta\delta(t-t)\delta(\tau-T^{1})$ (18)
O .
$\frac{\partial P(_{X},T)}{\partial\tau}=\hslash\frac{\delta}{\delta_{X}}(\frac{\delta}{\ }+ \frac{1}{\hslash}\frac{\delta S_{E}}{\ }1^{P(_{X,T}})$ (19)
$P(x,\tau)$ $\tau$ ” ” ” $P_{q}(x)$
$P_{eq}(x)= \exp[-\frac{1}{\hslash}s_{E}]/\int DX\exp[-\frac{1}{\hslash}SE]$ (20)
[4,6a]o
11- 2- 3. ( )
$\frac{\phi(t,T)}{\partial\tau}=i[\frac{\delta S_{M}}{\delta z}]_{\mathrm{x}=\chi(t,\tau)}+\eta(t,T)$ (21)
$S_{M}$ ((13) $S$ )
(21)
$X$ $\tau$ ” ” [71
(21) $X_{\text{ }}y$
$\frac{\ (t,T)}{\partial\tau}=-{\rm Im}[\frac{\delta S_{M}}{\delta_{Z}}]_{\chi=}x(t,\tau)\eta+(t,T)$ (22)
$\frac{\phi(t,T)}{\partial\tau}=-{\rm Re}[\frac{\delta S_{M}}{\delta_{Z}}]X=x(t,\tau)$ (23)
$0$ $\epsilon$
(21) $P(x,y;\tau)$ $\tauarrow\infty$ $P_{eq}(x,y)$
[7]
$<F(z)> \equiv\int DxD\mathcal{Y}F(x+iy)P_{eq}(\chi,y)$
$= \int DxF(x)P_{e}(\chi)q$ (24)
$=<F(X)>$ (25)
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$F$ $z$
11- 2- 4. ( )
{X,}
$[14]_{0}$
[15L
(26)$<X_{ff}r^{C}$ I $X_{i}t^{c}>=1in \mathrm{i}\mathrm{m}(arrow\infty)^{(n+}\frac{m}{i\hslash\Delta t^{c}}\int\prod_{0}d\chi_{j}\cdot \mathrm{e}\mathrm{x}1$
)
$/2 \hslash \mathrm{p}\{\frac{i\Delta t^{c}}{\hslash}\sum^{n}[0\frac{m}{2}(\frac{x_{j+1}-x_{j}}{\Delta t^{c}})^{2}-V]\}$
$=N \int_{X\in P(}X_{f\cdot k^{0)}}r^{e}|,Dx\mathrm{e}\mathrm{x}\mathrm{p}\mathrm{f}^{\frac{i}{\hslash}S^{c}}1\}$ (27)
$P(x_{f},t^{c}1x_{i},0)=\{x(\cdot):rayarrow R1x(\mathrm{O})=\chi_{i},\chi(t^{c})=x_{f}\}$ (28)
Slc
$S_{1}^{c}= \int_{\Gamma}d_{S^{C}}[\frac{m}{2}(\frac{dx}{ds^{c}})2-V]$ (29)
1 $\Gamma$
$1_{\text{ }}$ ray
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$\frac{\phi(t,T)}{\partial\tau}=i[\frac{\delta S_{2}^{c}}{\ }]_{\chi}= \chi(t.\tau)\eta+(t,T)$ (30)
$[7\mathrm{b},10]$
[7b]o (3O) S2c
$S_{2}^{c}= \int_{\Gamma}d_{S}C[\frac{m}{2}(\frac{d\kappa^{c}}{ds^{c}}\mathrm{I}^{2}-V]$ (31)
$\Gamma$
$\Gamma=\{s^{C}=s^{C}(S)$ I $s\in[0,1],s^{C}(\mathrm{o})=0_{S},C(1)=t^{c}1$ (32)
–
$S_{2}^{c}= \int_{0}1ds[\frac{m}{2C_{T}}(\frac{d\mathrm{x}^{c}}{ds})2-cV\tau]$ (33)
$s^{c}\equiv s\cdot C\mathrm{r}$ (34)
$C_{T}=t- \dot{l}\frac{\hslash\sqrt}{2}$
$(35\rangle$
$01_{\mathrm{S}=}^{{\rm Im}_{0}}$
$\mathrm{e}\mathrm{s}^{\mathrm{C}}\sim$
$-\beta \mathrm{b}/2\lfloor_{---}^{-}---\ovalbox{\tt\small REJECT}\ulcorner 1\iota\vee-arrow----- \mathrm{S}=-\mathrm{i}\mathrm{i}\mathrm{I}\mathrm{I}1l\mathrm{t}^{\mathrm{c}}$
$\text{ }2_{\text{ }}$ $\Gamma$
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$\frac{\delta S_{2}^{c}}{\delta z}=-C_{\tau^{\frac{\partial V^{c}}{\partial z}-}}\frac{m}{C_{T}}\frac{\partial^{2}z}{\mathrm{a}^{2}}$ (36)
$\frac{\mathrm{a}_{R}}{\partial\tau}=\frac{\hslash\sqrt}{2}(\frac{m}{|C_{T}|^{2}}f\frac{\partial^{2}x_{R}}{f^{2}}-\frac{\partial V_{R}}{\mathrm{a}_{R}})+r(\frac{m}{\}C_{T}|^{2}}f\frac{\partial^{2}x_{l}}{f^{2}}+\frac{\partial V_{I}}{\mathrm{a}_{R}})+\eta(T)$ (37)
$\frac{\mathrm{a}_{l}}{\partial\tau}=\frac{\hslash\sqrt}{2}(\frac{m}{|C_{T}|^{2}}f\frac{\partial^{2}x_{I}}{f^{2}}-\frac{\partial V_{I}}{\mathrm{a}_{R}})-t(\frac{m}{|C_{T}|^{2}}f\frac{\partial^{2}x_{R}}{f^{2}}+\frac{\partial V_{R}}{\mathrm{a}_{R}})$ (38)
$<x_{f}t_{f}^{c} \mathrm{I}_{Xr^{C}}>=ii\int\cdots\int d^{\chi_{1}^{C}}dx_{2ii}\ldots dcC\mathrm{I}_{X}X_{n}^{C}<\chi t_{fn}t_{n}^{c}><x^{cc}t$I$fC\hslash n$ $x c-1t>\cdots<_{X^{C}}n- 1C11tc\mathrm{I}_{X}t>c$ (39)
(6)
(37) (38)
Makri
[15] (37) (38) . “ ”
[16]
Ill.
(6)
[17]
(6)
$V(x)= \frac{1}{2}m\omega x^{2}2$ (41)
$[8,13]$ $m$
1673 $\mathrm{x}10^{24}(\mathrm{g})$ [8,18-211 $\omega$ $4.000\mathrm{x}10^{1}4$ (sec)
[8,18-21]
1 $300(l<)$ $0.10_{\text{ }}1.00_{\text{ }}10$ .O(fs)
80
$\mathrm{t}$
. (1)
’
.
( $/\mathrm{X}$ D-l.5 se.c.) ( $/.\mathrm{X}$ D8) $(/\mathrm{x}. \mathrm{D}6)$ . $(./\mathrm{x}. \mathrm{D}8)$ . $..\mathrm{s}$ . . .. .
300 $(/\mathrm{K})$
0.10 No.3-\rceil 0.6186 41.7025 0.7460
No.3-2 0.5758 53.9438 0.7890
No.3-3 0.8821 35.2032 0.9497
No.3-4 0.5807 31.9656 0.6629
No.3-5 0.6766 45.8406 0.8173
No.3-6 0.6472 38.4410 0.7527
No.3-7 0.7295 44.4377 0.8542
No.3-8 0.7036 34.2809 0.7827
No.3-9 0.4442 36.1282 0.5726
No.3-] $0$ 0.8784 35.9984 0.9493
0.6737 39.7942 0.7876
0.3522 -0.70450.3523
1.00 No.3-\rceil $\rceil$ 0.5996 39.6936 0.7191
No.3-\rceil 2 0.5489 52.8945 0.7623
No.3-\rceil 3 0. $\cdot$8780 33.7926 0.9408
$\mathrm{N}\mathrm{o}.3-\rceil 4$ 0.5706 28.3579 0.6372
No.3-\rceil 5 0.6630 45.2385 0.8026
No.3-16 0.6349 35.6242 0.7281
No.s-\rceil 7 0.7173 43.1892 0.8372
$\mathrm{N}\mathrm{o}.3-\rceil 8$ 0.7060 32.6809 0.7780
$\mathrm{N}\mathrm{o}.3-\rceil 9$ 0.4321 33.3669 0.5460
No.3-2o 0.8728 34.2437 0.9375
0.6623 379082 0.7689
0.3452 -6.9989 0.3523
10.00 No.3-2\rceil $- 0.1634$ -0.6606 0.1635
No.3-22 0.1243 $- 0.1380$ 0.1857
No.3-23 $- 0.5874$ $- 0.6154$ 0.5874
No.3-24 $- 0.1323$ 11.3964 0.1746
No.3-25 0.0957 -37.9300 0.3912
No.3-26 -0.2072 1.0476 0.2075
No.3-27 $- 0.1674$ $- 29$ . 2376 0.3369
No.3-28 $- 0.3575$ -43.1330 0.5602
No.3-29 $- 0.1020$ -4.2834 0.1106
No.3-30 -0.5257 -0.0518 0.5257
0.2023 10.3606 0.3243
0.1466 320304 0.3523
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2 (2)
600 $(/\mathrm{K})$
0.00 No.6-\rceil 1.3408 19.1233 1.3544
0.00 No.6-2 1.3766 17.72161.3879
12621 0.0000 12621
1.00 No.6-3 1.2898 0.8257 1.2898
No.6-4 1.5229 -9.5787 1.5259
12352 $- 25.3229$ 12609
2.00 No.6-5 1.1903 $- 14.166$ ] 1.1987
1.1572 $- 49.3460$ 12580
10.00 No.6-6 0.2146 $-$ ] 0.6097 0.2394
0.5268 114.1932 12576
1200 $(/\mathrm{K})$
0.00 $\mathrm{N}\circ.12,1$ 2.4687 3.0958 2.4689
24769 0.0000 24769
1.00 No.12-2 2.3401 -46.8714 2.3866
No.12-3 2.5850 -44.0819 2.6223
23792 55.633124434
2.00 No.12-4 2.0412 -85.0188 2.2112
2.1466 100.7978 23715
10.00 No.12-5 0.3819 $-$ ] 06.7446 1.1337
10639 210.7606 23609
10 10 O(fs)
3. $243\mathrm{x}10^{7}$ 3. $523\mathrm{x}10^{7}$ – –
0.10
$1.00(\mathrm{f}\mathrm{S})$
2 600 1200 (K) $0.10_{\text{ }}1.00_{\text{ }}10$ .O(fs)
–
$600(\mathrm{K})$ $1200(l\langle)$ O.00 $(\mathrm{r}\mathrm{S})$
0.00
$1.00_{\text{ }}2.00_{\text{ }}10$ .O(fs)
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$3_{\text{ }}$
$(1.00(\mathrm{f}.\mathrm{S})<\mathfrak{t}<_{10.\mathrm{o}}0(\mathrm{f}\mathrm{s}))$
3 $\mathrm{T}=\mathrm{t}$
$( t, T)=(\mathrm{O}.\mathrm{O}\mathrm{O}, 300)$ , (10.00, 1200)
$\triangle \mathrm{t}$ $\Delta \mathrm{T}$
$t$ $h\beta/2(=h/2kT)$ 100
t h\beta /2
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IV.
–
–
“ ”
$\text{ ^{ } _{ } }$ $.\text{ }$
–
\emptyset .
–
NEC/SX.4 $\mathrm{N}\mathrm{E}\mathrm{C}/\mathrm{s}\mathrm{X}\cdot 3$
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